Chocolate is one of the most desired confectionery products in the world. Its production technology includes a series of processes conducted in appropriate conditions of the temperature and time. Most of these operations contribute to the degradation of valuable, natural and desired bioactive compounds; hence, producers search for novel technologies and solutions that would enable minimizing these losses. In 2012, the EFSA confirmed advantages of components within cocoa powder to health. This review is focused on analyzing the effect of particular stages of the production process, with consideration given over to the kind of raw ingredients of the finished product on the bioactive compound's make-up in the products made in cocoa beans products subjected to the "traditional" process using both high and low temperatures. Due to the high temperature used during roasting, it is witch is one of the main processes affecting both the quality and sensory properties of the cocoa beans and products made from them. Each variety differs in size and beans color, resistance to the climatic resistance, and beans composition. Collected data allow us to establish which stages and which processes require further studies and analyses to be most useful for chocolate manufacturers not only in terms of the manufacturing repeatability of products, but also in developing an assortment of products having a positive effect on human health and well-being.
Introduction
Ample research studies conducted have over the recent past addressed the impact of natural antioxidants on human health. In response to scientific findings and consumer expectations, food manufacturers extend their market assortment with products rich in biocomponents.
Bioactive compounds inter alia among the anti-nutrients (polyphenols or caffeine) occurring naturally in the raw material or synthesized in the course of the technological process (Maillard reaction products), which may either reinforce, debilitate or modify physiological and metabolic functions of the body [1] . They exhibit various positive effects like antioxidative activity, enzyme inhibition or induction, induction of receptors activity, as well as induction and inhibition of gene expression [2] . The dominant antioxidant compounds in cocoa beans and their processing products are polyphenols which is confirmed by numerous publications. Therefore, numerous studies have undertaken the analysis of these groups of compounds due to the fact that they undergo the largest changes in the technological process, and also confirmed their favorable effects on the human body. In 2012, the EFSA confirmed the beneficial effect of polyphenols (flavanols in particular) contained in cocoa powder on the cardiovascular system of man [3] . The market of chocolate products is developing dynamically and the offered assortment includes both high-cocoa chocolate (with the addition of cocoa powder) and chocolate not subjected to high-temperature treatment (raw). Chocolate is one of the most desired confectionery products [4] . Its production technology includes a series of processes conducted in appropriate conditions of temperature and time.
High temperature used during cocoa beans processing has a destructive effect on polyphenols which are desirable constituents of the finished product. Hence, supported by results of multiple research studies, producers modify both the technological process and the composition of raw materials, so that their products had not only attractive sensory values but also-first and foremost-a positive impact on human health. The offered assortment includes, among others, highcocoa chocolate containing from 70% to even 99% of cocoa ingredients, which affects their health-promoting functions, as well as "raw" chocolate subjected to a low-temperature treatment which has a protective effect on their labile components, including, e.g., polyphenols.
Chocolate contains both nutrients like proteins, fat and carbohydrates and bioactive ingredients. These compounds may exert both positive or negative effects in vivo. Bioactive compounds includes polyphenols, tocopherols, mineral compounds, sterols or purine alkaloids fatty acids. Despite the high energy value resulting from the sugar and fat content, chocolate has a low glycemic index from about 14 to about 53 depending on the type of product. Many studies have confirmed that systematic consumption of a piece of dark chocolate (10 g) is beneficial to the cardiovascular system and is therefore recommended as a component of everyday diet [5, 6] .
The bioactive content of found in cocoa beans and products made from them is determined by multi-oriented and complicated transformations of various characters that develop at each stage of the technological process. Most of these operations contribute to degradation of valuable, natural and desired bioactive compounds, and so producers search for novel technologies and solutions that would enable minimizing these losses. One of these includes manufacturing products from non-roasted cocoa beans subjected only to low-temperature treatment. It is, therefore, advisable to analyze the effect of particular stages of the production process, with consideration given to raw material types and properties of the end product, on the make-up of bioactive compounds in products made from cocoa beans subjected to traditional and lower-temperature treatments.
Bioactive compounds of cocoa beans
The bioactive effect of cocoa beans and their processing products results mainly from the presence of polyphenols in their composition. Although the beans also contain other ingredients, such as methylxanthine (mainly caffeine and theobromine), their content is much lower. Moreover, greater antioxidant and pro-health effect is attributed to polyphenols, and their qualitative and quantitative composition changes significantly under the influence of high temperature, pH, or access to oxygen.
Polyphenols, being secondary metabolites, are one of the most plentiful and widespread groups of naturally occurring substances in the plant kingdom. They are synthesized biogenetically in two major primary pathways of synthesis: shikimate pathway and acetate pathway [7] . Cocoa beans are rich in polyphenols (ca. 15% of beans dry matter), as are wine, vegetables or tea [8] . Three groups of polyphenols may be identified in cocoa beans: proanthocyanins (ca. 58%), catechins or flavan-3-ols (ca. 37%) and anthocyanins (ca. 4%) [9, 10] . The major and predominating catechin of cocoa beans is (−)-epicatechin which represents ca. 35% of total Catechin is a component of cocoa tannins which are responsible for color changes and for astringent after-taste of beans and products made of them. Bitterness of epicatechins is undesirable; hence, producers try to reduce the amount of this flavonoid in the finished product [11] . Procyanidins of cocoa are shown by: dimers, trimers or flavan-3,4-diol oligomers [12, 13] . Other polyphenols include: flavones (kaempferol, apigenin, luteolin, and glycosides) and phenolic acids (chlorogenic, caffeic, syringic acid, coumaric and ferulic). The make-up of polyphenols very strongly depends on: origin, genotype, beans processing and ripeness degree [14, 15] .
Methylxanthines, like theobromine (C 7 H 8 N 4 O 2 , 3,7-dimethylxanthine or 3,7-dihydro-3,7-dimethyl-1H-purine-2,6-dione) and caffeine (C 8 H 10 N 4 O 2 , 1,3,7-trimethylpurine-2,6-dione), represent another group of bioactive compounds of cocoa beans [16] . The content of methylxanthines and the theobromine: caffeine ratio varies depending on cocoa genotype. Non-fermented cocoa from West Africa (Forastero) contains ca. 4% of theobromine and 0.2% of caffeine (in fat-free dry material). American fine-grained cocoa beans are richer in caffeine (0.30-0.60%); whereas, the content of their theobromine ranges from ca. 2.8% to ca. 3.5% in non-fat cocoa solids [17] .
Due to the fact that polyphenols are the dominant group of bioactive compounds in cocoa beans and their processing products and undergo significant qualitative and quantitative changes in the technological cycle, this article focuses mainly on the changes in polyphenols content as indicators of not only the course of processes but also the level of antioxidant activity.
Effect on health
Apart from economic importance, intake of cocoa products has positive for health [9, 18, 19] . Polyphenolic compounds of cocoa beans exhibit anticarcinogenic [20] [21] [22] , anti-atherosclerotic [23], anti-inflammatory and skin-protective (antiaging) properties, which is associated with their antioxidative potential [24, 25] .
The first clinical survey addressing the effect of consuming fat-free components of cocoa beans on a human body was carried out in 1996 and demonstrated that the consumption of 35 g of fat freecocoa suppressed LDL oxidation between the 2nd and 4th hour after consumption. Many new investigations have been conducted ever since with different forms of cocoa which have demonstrated its health-promoting effects that may be summarized in three main categories: antioxidative properties, protection of the cardiovascular system, and anticarcinogenic properties [26] [27] [28] [29] .
Although published scientific findings suggest that chocolate consumption may have a beneficial effect on health, it needs to be noticed that chocolate is high in sugar and fatsugar. Therefore, its high consumption can contribute to body mass gain. For this reason, its intake should be thought of in the context of a healthy diet, i.e., in moderate amounts only (20-25 g a day) [30, 31] .
Achieving a balance between taste and health outcomes remains a challenge, as the impact of the process on both the content of bioactive ingredients and the properties preferred by consumers (taste, smell) must be taken into account. It was recommended that the "omics" technologies (proteomics, transcriptomics, glycomics and metabolomics) may be employed to monitor cocoa beans processing into products with high contents of bioactive compounds and desired taste [15] . It was proved that the antioxidative capabilities of cocoa and chocolate products were correlated with post-prandial blood concentrations of proanthocyanidins and epicatechins [32] . The ability to scavenge oxygen radicals, i.e., the total antioxidative potential, increases significantly as soon as 1 h after consumption of dark chocolate and maintains high for ca. 4 h. Such an effect is not induced by milk chocolate, which may be linked with lower absorption of epicatechin from the gastrointestinal tract caused by the addition of milk proteins to chocolate of this type [32] .
Cocoa beans may also display a stimulating effect because of the presence of caffeine and theobromine [33] . Nehlig [34] suggested that in human brain, alkaloids compete with adenosine, block its receptor and by this means evoke excitation. In turn, caffeine is claimed to be a catalyst of the release of epinefrin and other catecholamines from adrenal glands, thus inducing reactions stimulated by them. Methylxanthines were proved to exhibit health-promoting properties in diseases associated with cell damage in the nervous system [34] . While caffeine effectively stimulates effect brain by increasing blood pressure and enhancing psychomotoric reactions, diuretic agent, theobromine acts as a muscle relaxant, and blood pressure reducer [16, 18] .
Various effects on the quality of cocoa beans
Genotype Cocoa tree (Theobroma cacao) and its fruits (beans) are characterized by a significant genetic diversity, which determines properties of products made of them. Known are over 14,000 cultivars of cocoa tree [35] , with the most common ones being: Forastero, Criollo and Trinitario cultivars [20, [36] [37] [38] [39] [40] .
Each cultivar differs in the size and color of beans, resistance to climatic conditions, and beans composition. As reported by Trognitz et al. [41] , the Forastero type has pods with thicker skin, beans with bitter taste and strong aroma, is easy to cultivate and high-yielding. Cocoa made of its beans has a dark color, perceptible intensive aroma, as well as bitter and astringent taste. Today, Forastero and its various strains are the most commonly grown and processed cocoa beans varieties. They are cultivated mainly in Western Africa and their production constitutes ca. 95% of the global production [42] .
Criollo cocoa is less bitter owing to a low content of theobromine, has a low pH value which negatively affects its flavor profile [43] , and also has a high content of pyrazines being one of the major compounds determined during roasting [44] . In turn, according to Giacometti et al. [15] , cocoa beans of Criollo cv. have high contents of procyanidins, aroma precursors, reducing sugars, and amino acids. In turn, the Trinitario type originates from Trinidad and encompasses all products of natural hybridization and recombination of the Criollo and Forastero plantations [39] . Its beans have various colors, though are rarely white; while, trees are susceptible to pest infestation and infections with diseases intermediate for the population [42] . Polyphenols are formed, among other things, in response to plant stress. Changing environmental conditions, too much sunshine, the use of plant protection agents and the action of pests have an impact on the reactions of cocoa trees and thus on the polyphenols content of the beans. Cocoa trees are, therefore, most often grown in the shade of other trees, such as bananas, to provide protection from the sun. An important factor is the control of the plant protection agents used, which is not an easy task due to the fragmentation of the plantations.
According to Peláez et al. [45] , chocolate made of Forastero cocoa beans shows basic taste. In the study conducted by Oracz et al. [46] , cocoa beans of Forastero cv. from Brazil had the highest contents of flavan-3-ols, anthocyanins and flavonols, whereas samples of Trinitario cv. from Papua New Guinea had the lowest content of polyphenols.
It should be noted that sensory properties, such as the taste, color and aroma of cocoa beans are due to, among others, from the content and composition of polyphenols contained in them. All the more, it is necessary to analyze the changes in the content of phenolic compounds from the point of view of both health and consumer acceptance resulting largely from the sensory characteristics of the product.
Geographic location
The chemical composition of cocoa beans and products made of them varies and depends on beans type, geographical location of plantations, beans maturity as well as on methods used for bean processing, fermentation and drying [47] .
The main objective of a research carried out by Bruna et al. [48] was to determine contents of bioactive compounds (polyphenols, hydrocolloids) in husk of cocoa beans of various geographical origin, i.e., Ghana, Madagascar, Ecuador, Trinidad and Venezuela. The antioxidative effect measured with an electron spin resonance (ESR) was highly correlated with the content of polyphenols. Analyses demonstrated significant differences in contents of the studied compounds dependant on where grown. Husks of cocoa beans from Madagascar were characterized by a higher content of polyphenolic compounds and water-soluble pectins when compared to all other analyzed samples. In contrast, the cocoa hulls from Ecuador contained the lowest values of polyphenols as well as of antioxidant activity.
Beside genotype variations, fermentation and ripeness of the cocoa beans, soil and climate conditions as well as stress are significant factors influencing the content of the bioactive compounds.
The effect of the geographical origin of cocoa beans was confirmed by Macedo et al. [49] , who demonstrated the activity of cocoa enzymes to depend on beans genotype and geographical origin and on the applied parameters of the fermentation process.
A study conducted by Carrillo et al. [50] on the effect of geographical origin on contents of polyphenols and methylxanthine and on the antioxidative level of cocoa beans from different regions of Columbia demonstrated significant (p < 0.05) differences in the content of total polyphenols (TPC) and contents of flavan-3-ols, catechin epicatechin, theobromine and caffeine and antioxidative capability. Findings would suggest that the lower the altitude, the higher the contents of polyphenols, epicatechin and flavan-3-ols in the cocoa tree fruits. The results of the main ingredients analysis (PCA) indicate that the theobromine/caffeine ratio can be used as a parameter to classify cocoa beans according to their origin.
Changes in contents of polyphenols during processing
Apart from soil and environmental conditions, region of cultivation properties of products made of cocoa beans is affected by parameters of processing the beans are subjected to.
Fermentation
The preliminary and key process which determines the qualitative and physicochemical traits of cocoa products is fermentation. It is carried out on plantations, usually under natural environmental conditions.
To ensure better control of the fermentation process and overall product quality, it is suggested to replace traditional process of natural fermentation of cocoa beans with starter cultures. Promising attempts of reaching this goal have been undertaken and described in scientific literature [51] [52] [53] .
As shown by Giacometii et al. [15] , yeast, lactic acid bacteria and acetic acid bacteria had protective effects on the levels of polyphenols, whereas aerobic spores and moulds exerted negative effects. Longer fermentation causes a greater decrease in the content of flavanols [35] . Trognitz et al. [41] reported that polyphenols content decrease during fermentation could be ascribed to special genetic and anatomic traits of beans.
During fermentation, the precursors of the flavor of chocolate are run by the endogenous enzymes of cocoa beans. The fermentation process results mainly in pH decrease, which enhances enzymatic activity. During the fermentation process, the cocoa beans pulp coating is degraded by microorganisms (yeast, acetic acid bacteria and lactic acid bacteria) which are naturally found in the environment, and temperature increases to ca. 50 °C [54] . Macedo et al. [49] designed a study to explain the activity of polyphenolic oxidase in the pulp and beans of two cocoa types. Results of this study demonstrated specificity and differences between the two analyzed varieties as well as between the pulp and beans of each type. These authors suggested that special grades should be adopted for each varieties based on optimal parameters to extend the period of the maximum activity of polyphenolic oxidase during the fermentation process, which would contribute to improving of cocoa beans quality and, consequently, of chocolate quality [49] .
During fermentation, the level of polyphenols decreased by ca. 70%, whereas that of (−)-epicatechin (the major substrate of polyphenoloxidase) by even ca. 90% of the initial content [55] .
Anthocyanins are usually rapidly degraded in the fermentation process (93% loss after 4 days), which was considered an indicator of cocoa beans fermentation degree [55, 56] . The optimal duration of the fermentation process was determined as 6 days [15] .
Differences between results obtained by various scientists, who conducted experiments under different conditions and with different materials, confirm the complexity of processing treatments of cocoa beans as well as diversity of the raw material. The main reason behind these losses is the escape of some amounts of cocoa beans components with fluid leakage. Chemical analyses of samples in Afoakwa et al. [56] study showed lower contents of ash (minerals), protein and fat in fermented beans.
Elwers et al. [57] saw a greater decrease in catechin content during fermentation and drying of Criollo beans samples compared to the samples from the other analyzed genotypic groups. This could be responsible for the mild taste of chocolate made of beans of this type.
Drying
During drying, the content of polyphenols decreases significantly as an effect of high temperature, diffusion of components from beans with evaporating water, and enzymatic browning processes [21] .
The stage of drying plays a major role in reducing astringency bitterness, and acidity also in the development of the characteristic taste and brown coloring [13, 17] . The oxidation process initiated during fermentation is continued at the stage of drying. Still active polyphenolic oxidases catalyze polyphenols transformation into quinones, that are subjected to further condensation with free amine and sulfhydryl groups, which leads to the synthesis of brown polymers [58] . Even though drying appliances are increasingly more popular, natural sun-drying is still often in use [39, 59] . Many investigations conducted to compare natural and artificial methods for beans drying indicate that natural sun-drying yields far better effects [17, 60, 61] , and that drying in special appliances may lead to the formation of non-specific and undesirable aromas like rubbery or gasoline-like [62] . The profile analysis of water content changes at various temperatures and drying time optimization may be accomplished using models developed by, e.g., Garcia-Alamilla et al. [63] or Hii et al. [64] [65] [66] . By this means, quality parameters of dry cocoa beans may be standardized, while batches of cocoa beans supplied to chocolate producers may be more uniform.
In the study conducted by de Brito et al. [67] , the content of phenolic compounds decreased by 32% in the dried sample, compared to the fermented sample. It is a common practice that chocolate producers merge few batches of cocoa beans to achieve a uniform and stable mixture and to become independent of the country of origin or supplier of cocoa beans. Processing parameters can be standardized after mixing to obtain the expected characteristics of the cocoa beans mixture [68, 69] . In this case, studies should be undertaken to unify agricultural practices accordingly to quality requirements set by chocolate producers, so that they could be considered in operational decisions made in the technological process [40] .
The bitter taste of cocoa results mainly from contents of theobromine, caffeine and phenolic compounds in cocoa beans [69, 70] . Even though alkaloids do not undergo chemical transformations during fermentation and drying, ca. 30% of these compounds are lost by diffusion and migration inside beans [71] . A research conducted by Peláez et al. [46] showed contents of theobromine and caffeine to decrease by ca. 21% and 60%, respectively, during fermentation and drying of cocoa beans.
Roasting
Due to high temperature used during roasting, it is one of the most important principle processes affecting the quality and sensory properties of cocoa beans and products made of them. Generally, taste is claimed to be positively correlated with a high roasting degree only till the excess roasting point [40] . Roasting is usually conducted for 5-120 min (usually from 10 to 35 min) at temperatures from 110 to 160 °C [14, 21, 72] .
It radically affects the content and make-up of polyphenols [14] . Polyphenols are thermolabile molecular structures, and their content decreases upon high temperatures and prolonged time of the roasting process. High temperatures can induce epimerization of (−)-epicatechin to (−)-catechin and of (+)-catechin to (+)-epicatechin [73] . The ratio of epicatechin to catechin, which was suggested as an indicator of cocoa processing, decreases during roasting. This caused more rapid degradation of (−)-epicatechin than of catechin [21] . Procyanidins also undergo epimerization; however, in their case, these are more complex processes because procyanidin molecules are dimers or polymers [14] . The content of high molecular weight procyanidins decreases at the beginning of the process and then increases. The likely reason of this phenomenon may be the polymerization of low-molecular-weight compounds. Low-temperature and short roasting is believed to better preserve polyphenolics content [21] . Temperatures below 140 °C are normally recommended.
Stanley et al. [74] investigated the impact of whole-bean roasting on the polyphenol content, aroma-related chemistry and in vitro pancreatic lipase inhibitory activity of cocoa under a range of roasting conditions. It turned that total phenolics, (−)-epicatechin, and proanthocyanidin (PAC) dimer-pentamer content was reduced by roasting, but roasting at 150 °C or more increased the levels of hexamers of catechin and proanthocyanidin.
The roasting effect on the antioxidative properties of cocoa beans depends on the comparative amounts of thermal degradation of naturally occurring phenolic compounds and the introduction of new antioxidants like Maillard reaction products and polymeric pigments. Oracz and Nebesny [75] demonstrated that low-temperature heat treatment with moist air may be used to increase contents of phenols and antioxidative activity of roasted cocoa beans. Study results prove cocoa beans to be a positive source of antioxidants after roasting.
Today, many studies [76] [77] [78] are in progress with the aim to, e.g., develop technology for cocoa beans and cocoa cake roasting (temperature, time, humidity, fineness of the beans flow rate of air or flow rate of air) that would allow manufacturing a semi-product (cake, pulp) to be used for manufacturing chocolate products with as much as possible increased content of bioactive compounds.
In the roasting process, there is a significant reduction in polyphenol content, as well as a change in their composition. However, it should be remembered that the roasting process is aimed at loosening the beans structure, which facilitates the removal of the husk, and in the further stages of pressing the fat. In addition, due to the high temperature, the content of (−)-epicatechin corresponding to astringent and undesirable taste also decreases. Some acids (e.g., acetic acid) are also removed, which reduces the acidity of the intermediate, expected from the point of view of qualitative features. One of the methods of improving the bioactive value of chocolate and other cocoa bean products is the use of low roasting temperatures and other stages, which was applied in the production of chocolate called "raw".
Alkalization
Cocoa beans, pulp or cocoa powder shall be alkalized by treatment with acidic sodium or potassium carbonates [69] . Many studies have indicated that increasing pH value from 5.7 to 7.5 has a negative effect on taste acceptability [79, 80] . This may cause extraction of elements and their elution, which in turn may contribute to lower contents of mineral components in the finished product.
A research conducted by Miller et al. [81] demonstrated that pH change caused by the addition of alkaline agents influenced the total polyphenols content in the produced cocoa powder. It has turned out that natural cocoa powders (pH 5.39-5.76) showed higher levels of antioxidative capability and total content of polyphenols. Alkalization causes high losses of polyphenols (over 60% loss of total polyphenols content) and changes their composition. The greatest losses are observed for epicatechin and catechin (up to ca. 98% and 80%, respectively) as well as for quercetin (ca. 80%) [15] . Further degrees of alkalization lead to a noticeable decrease in polyphenol content [82] . These changes may be ascribed to oxidation and polymerization of polyphenols under alkaline conditions [15] . The process of alkalization has a negative impact on the content of methylxanthines, the content of which decreases along with an increasing degree of alkalization, and the greatest losses were observed for theobromine (over 20%) [83] .
In the study conducted by Stanley [84] , treatment of cocoa powder with NaOH increased catechin content by 40%, but reduced epicatechin and proanthocyanidins by 23-66%. In their work, they showed the first application of proanthocyanidins and preliminary prognostic model of the effect of alkaline treatment on cocoa polyphenols.
The use of alkalization is discussed among scientists and entrepreneurs. Increasing the pH, more distinct colour, better solubility of cocoa powder are the arguments that lead to the use of alkalization. However, the very action of chemical compounds, especially from the health point of view, as well as studies confirming a significant reduction in the content of bioactive compounds led the manufacturers of "raw" chocolates to abandon the use of alkalization.
Conching
Conching is a few-day stage of heat treatment which contributes to the development of the final taste and smooth texture of chocolate [35, 85] . It is conducted by mixing bulk at high temperatures (over 40 °C) [30] . Dark chocolate is usually conched at 70-82 °C [16] . This process improves the taste profile and decreases contents of free fatty acids and other volatile waste products of cocoa beans [15, 36] .The addition of selected components (saccharose and lecithin) induces the effect of dilution of polyphenols and their antioxidative properties [10] .
Depending on production line and particular stages of the production process, the manufacture process of chocolate was found to cause various degradation of health-promoting compounds [86] . According to Gültekin-Ozgüven et al. [77] , during conching, a reduction in phenolic content is normally expected due to high temperatures and oxygen in roasting and conching steps.
As noted by Di Mattia et al. [25] , the conching process does neither impact the phenolic content and neither form, nor antioxidant activity. Only 3% the variations were found, regardless of the time/temperature combination used.
The own research including the analysis of the influence of conching in different temperature and time conditions confirmed the statistically significant influence of this process on the content of polyphenols. Unpublished results confirm the significant influence of temperature, combined with time of its action, on the content of phenolic compounds.
Tempering
Tempering is a process of stirring the cocoa mass for a few hours combined with lowering and increasing the temperature. The aim of this process is to obtain a stable form of crystalline fat (V), so that the chocolate is stable and does not dissolve in the fingers [87] . The control of this process is important for the quality of the product, and tempered chocolate is shiny, snap even-colored and smooth tasting, while badly tempered chocolate is chewy, grainy and chalky, within the form of an unattractive, dull brown mass because of fat blooming. The tempering process does not apply high temperatures (max. 45 °C); therefore, loss of polyphenols at this stage has not been proven.
Composition of bioactive compounds in different types of chocolate

Bitter and high-bitter chocolate
The processing of cocoa beans results in significant losses of polyphenols. However, their content in the finished products (e.g., in chocolate) depends also on product formula and content of non-fat cocoa solids [88] . The content of polyphenols in dark chocolate ranges from 1.7 to 8.4 mg/g of product.
Dark chocolate is a good provider of dietary flavonoids, mainly comprised of (+)-catechin, (−)-epicatechin, and their polymeric and oligomeric procyanidins. However, antioxidant capacity and flavonoid content are affected during chocolate manufacturing [77] .
Dark chocolate may contain 600 g of cocoa pulp/kg of chocolate, and also cocoa powder-being valuable because of its polyphenols [30] . Contents of these ingredients affect the total content of flavanols in chocolate. The more cocoa powder added, the higher the content of polyphenols in chocolate. One hundred grams of dark chocolate contain ca. 100 mg of flavanols, whereas 100 g of cocoa powder contains ca. 250 mg of flavanols [89] . The content of polyphenols in chocolate is influenced not only by contents of cocoa pulp and cocoa powder, but also by cocoa beans species and parameters of its processing. Chocolate made of Forastero cocoa beans (grown mainly in Western Africa) is less bitter and sour than chocolate made from Trinitario or Criollo cocoa beans, which may result from the content of polyphenolic compounds which may give rise to a bitter taste [70] .
Chocolate is produced with the use of cocoa powder which has a resulting in positive effect on human health, as confirmed by EFSA [19] . Its beneficial effect results from its polyphenolic compounds, the source of which are the nonfat cocoa solids. The higher the content of NFCS in chocolate, the higher the content of polyphenols in chocolate [90] .
Godočiková et al. [91] noticed that chocolate produced with the traditional method (with, among other, roasting stage) had almost twofold higher content of polyphenols compared to the "cold-processed" products.
Todorovic et al. [92] showed that for dark chocolate produced in Serbia, the total content of phenolics acid changed from 7.21 ± 0.49 to 12.65 ± 0.45 mg GAE g −1 in chocolate with 60-75% cocoa content.
The complexity of transformations to which polyphenols are subjected causes that the determined content of polyphenols may significantly differ between samples subjected to the same thermal processing. This is the result of the reaction to these compounds. According to numerous scientific studies, high temperature causes degradation of polyphenols and their content decreases significantly [21, 25] . However, as a result of the reaction to the polyphenols, different results can be obtained. One of the types of polyphenols present in cocoa beans and their processing products is tannins. Compounds are distinguished by chemical reactivity and biological activity. They can be hydrolysing and non-hydrolysing. Hydrolysing tannins are hydrolysed, among others, by acids that are formed during the fermentation process of beans. Similarly, they decompose to monomers under the influence of enzymes. However, procyanidins (nonhydrolyzing tannins) are oligomers or polymers of flavan-3-ols, (−)-epicatechins and (+)-catechins. High temperature may result not only in condensation of phenolic compounds to insoluble, complex tannins, but also in their decomposition to monomers.
Then, they are more easily available, and during the analysis you can mark their higher content. Moreover, tannins form permanent complexes with proteins, which makes it difficult to determine them.
Differences in the amount of determined polyphenolic compounds may also result from reactions with other components. Both monomers and polymers of phenolic compounds are partially bound or bound to polysaccharides, resulting in enzymatic reactions and the formation of bound and insoluble polyphenols, which are very difficult to determine. Depending on the composition of polyphenolic compounds and the degree of binding, a different number of complexes may be formed, and thus a different number of polyphenols may be determined.
Similar results can be obtained when proteins are present in the product. As a result of interaction between polyphenols and proteins (present in cocoa beans and chocolates), the bioavailability of proteins decreases and the determination of the total polyphenols content is difficult.
To sum up, the determination of polyphenols in chocolates is a complex process, determined by their content in cocoa beans, the type of polyphenolic compounds, the processes and parameters used in the technological process, as well as the chemical and raw material composition. Therefore, as confirmed by the above-mentioned studies, the content of polyphenolic compounds in chocolates obtained from roasted or unroasted beans may not confirm the thesis that high temperature has only destructive effect on phenolic compounds [25] .
"Raw" chocolate
Due to the difference, as well as some innovativeness, the authors decided to devote a separate chapter of "raw" chocolate. Paying attention to this product is to signal that it is possible to produce chocolate using lower temperatures. Also because the sensory tests carried out by the authors (not published) have shown that despite the different organoleptic sensations, the product intrigued the panelists and received higher notes from "traditional" products. Raw chocolates are known to a small group of consumers, which additionally contributed to the distinction of this type of products.
Trying to meet expectations of consumers who pay attention not only to the quality of purchased products but also, and even foremost, to their composition, nutritive value and content of bioactive compounds, a technology has been developed for the production of "raw chocolate". In its production process, the "raw" chocolate is not exposed to high temperatures, cocoa beans are not subjected to the roasting process, and chocolate conching temperature does not exceed 45 °C, which enables preserving its valuable traits.
The results of study Żyżelewicz et al. [93] give evidence that it is possible to increase the content of healthy bioactive compounds, such as polyphenols and enhance the oxygen radical antioxidant capacity of chocolates by increasing the cocoa liquor content obtained from unroasted beans.
Raw chocolate is a rich source of magnesium, whose content is significantly higher than in "traditional" chocolate. Another important property of raw chocolate is its antioxidative potential. The ORAC value (Oxygen Radical Absorbance Capacity-capability to absorb oxygen radicals) of raw chocolate reaches approximately 28,000 units, which is one of the highest values noted worldwide. For instance, blueberries being one of the moste significant sources of antioxidants contain ca. 2400 units, whereas wine (Cabernet Sauvignon) only 5000 units. Above-mentioned products are a developing branch of the confectionery industry with wide perspectives. The low-temperature technological treatment which allows preserving antioxidants and protect fatty acids, as well as no alkalization, no use of palm sugar, and use of components and ingredients originating exclusively from bio-farming enables manufacturing a product with beneficial and expected sensory and health properties.
Conclusions
The bioactive compounds content in chocolate depends not only on the chemical composition of cocoa beans, but also on multi-oriented and complicated transformations of various character occurring at each stage of beans pretreatment and the technological process.
Processes of fermentation, drying, roasting, and alkalization are one of the most significant stages of cocoa beans processing, as they add to the development of many beneficial traits of chocolate. These positive changes may, however, be accompanied by reactions which significantly decrease the amounts of polyphenolic compounds. These undesirable results may be minimized by the standardization of the agricultural practices at the beginning of the supply chain and by improvement of the production process at critical points of cocoa beans pre-treatment.
The antioxidative properties of products of cocoa beans processing are also modified during chocolate production, mainly in the conching process. Significantly also under appropriate storage conditions of cocoa and chocolate products, including both optimal temperature (to preserve polyphenols below 50 °C, for quality reasons below 20 °C), humidity (in a dry place-under 75%) and time (according to the date specified by the producer).
Referring to many studies on the content of polyphenolic compounds, or even bioactive ones, and the influence of technological processes and applied parameters on their content, it can be stated that there is no single dominant factor (stage, parameter) whose modification would allow to preserve these compounds. The authors also draw attention to the fact that one of the main factors guiding producers at all stages of cocoa bean processing is the economic factor. The economic factors are also driven by consumers, who occasionally reach for premium chocolate or raw chocolate with a much higher price. The specification of raw materials, their selection and unification is connected with the increase in prices. The analysis of the impact of the expected quality of raw materials on the process flow from the technological point of view, the quality of the finished product, as well as the costs incurred, does not provide commensurate benefits. The change of applied methods on plantations, their mechanization for the majority of farmers is unacceptable. In addition, a significant number of communities earn their living from cocoa cultivation and plantation work. One of the methods for increasing the homogeneity of semi-finished products is to increase supervision and, above all, to increase the awareness of those involved in the cultivation and processing of beans. Research shows that the use of high temperatures in the processing of cocoa beans reduces the content of biocomponents, but improves the technological process and gives the finished products the expected sensory characteristics. Therefore, it is necessary to find a golden mean between the technological process (its course, repeatability and economic factors) and the characteristics of chocolate in terms of its sensory characteristics (meeting customer expectations) and the content of bioactive components, including polyphenols. Greater control over the repeatability of processes on plantations, lowering the roasting temperature to a value enabling optimization of the process flow and preservation of bioactive components, lowering the conching temperature, elimination of alkalization are among the proposals left for consideration by scientists and producers.
Additionally, the collected data allow establishing at which stages and which processes require further studies and analyses, to be most useful for chocolate manufacturers not only in terms of manufacturing mass produced products but also in developing an assortment of products having a beneficial effect on human/consumer health and well-being.
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